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0 An PET nnixer circuit having a stable input inn- 
pedance uses two tandem-connected GaAs MES- 
FET's (1, 2) of pulse doped structure instead of a 
conventional MESFET or a HEMT, as an active 
device. A gate biasing point for the FET (1) is set 
around a pinch-off point of a mutual conductance, 
and a gate biasing point for the FET (2) is set in a 



region which assures non-change of a mutual con- 
ductance with respect to the increase of a gate 
voltage. Thus, a mixer circuit having a good isolation 
characteristic for an RF signal and a local oscillation 
signal and exhibiting substantialjy no change in the 
input impedance is attained. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a mixer circuit 
to be used for a frequency converter circuit or a 
measuring instrument. 

Related Background Art 

As an information network system has recently 
developed rapidly, a demand tor a satellite commu- 
nication system has also rapidly increased and a 
frequency band thereof is shifting toward a high 
frequency region. In such a satellite communication 
system, a down-converter for converting a high 
frequency signal to a low frequency signal is re- 
quired, and a demand for a mixer circuit used 
therefor is also increasing. A conventional mixer 
circuit uses a diode, a bipolar transistor or a field 
effect transistor (FET) as an active device. As the 
FET, a conventional Schottkey gate FET (MESFET) 
or a high electron mobility transistor (HEMT) is 
usually used. 

A biggest problem is designing the mixer cir- 
cuit using the FET or the FET mixer circuit is that a 
gate voltage of the FET significantly swings be- 
cause a local oscillation signal is a large amplitude 
signal. The change in the gate voltage causes a 
change in a mutual conductance gm of the FET. 
which in turn causes a change in a gate-source 
capacitance Cgs or an Input impedance. When 
viewed from an RF signal input terminal, the FET 
mixer circuit operates with a large change In an 
input impedance of the circuit as a function of a 
time corresponding to the swing of the local oscilla- 
tion signal. As a result, the design Is hard to attain 
and a stable operation is not expected. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to pro- 
vide a mixer circuit in which an Input impedance 
does not change and which operates stably. 

In order to achieve the above object, the mixer 
circuit of the present invention comprises first and 
second FET's. and a gate electrode of the second 
FET is connected to an RF signal input terminal, a 
gate electrode of the first FET is connected to a 
local oscillation signal input terminal and a drain of 
the second FET, and a drain of the first FET Is 
connected to an IF (Intermediate frequency) signal 
output terminal. The first and second FETs are 
MESFET's of pulse doped structure. 

In accordance with the mixer circuit of the 
present Invention, the input Impedance of the cir- 
cuit viewed from the RF signal Input terminal Is not 
affected because the local oscillation signal is not 



applied to the gate of the second FET to which the 
RF signal is applied. Further, where a gate biasing 
point of the second FET Is set In a flat region of 
the mutual conductance by utilizing a characteristic 

5 Inherent to the MESFET of the pulse doped struc- 
ture, that is, "It has the flat region in which the 
mutual conductance does not change with the gate 
voltage", a change of the input impedance due to 
the RF signal itself does not occur. By making a 

10 gate width of the second FET shorter than that of 
the first FET arranged at the output, a power con- 
sumption can be reduced compared to a conven- 
tional circuit in which a single FET is used and the 
RF signal and the local oscillation signal are ap- 

15 plied to the gate thereof and the IF signal Is taken 
out of the drain thereof. Further, since the RF 
signal and the local oscillation signal are applied to 
the different FET's, an isolation characteristic be- 
tween the FETs is superior to that attained when 

20 the active device comprises a single FET. 

The present invention will become more fully 
understood from the detailed description given 
herelnbelow and the accompanying drawings which 
are given by way of illustration only, and thus are 

25 not to be considered as limiting the present inven- 
tion. 

Further scope of applicability of the present 
invention will become apparent from the detailed 
description given hereinafter. However, it should be 

30 understood that the detailed description and spe- 
cific examples, while Indicating preferred embodi- 
ments of the Invention, are given by way of illustra- 
tion only, since various changes and modifications 
within the spirit and scope of the Invention will 

35 become apparent to those skilled In the art form 
this detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 Fig. 1 shows a block diagram of a mixer circuit 
in accordance with one embodiment of the 
present invention, 

Fig. 2 shows a sectional view of a GaAs MES- 
FET of pulse doped structure, and 
45 Fig. 3 shows a graph of gate voltage Vg Vs 
mutual conductance g^ of the GaAs MESFET of 
the pulse doped structure. 

DETAILED DESCRIPTION OF THE PREFERRED 
50 EMBODIMENTS 

Referring to Fig. 1, two GaAs MESFETs 1 and 
2 of pulse doped structure connected in tandem 
are used as an active device 3 of the mixer circuit. 
55 Fig. 2 shows a sectional view of a structure of the 
GaAs MESFET 1 or 2 of the pulse doped structure. 
An undoped p- GaAs buffer layer 22, an Si-doped 
pulse doped GaAs layer 23 which serves as an 
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activation layer, and an undoped n- GaAs cap layer 
24 are sequentially lanninated on a semi-insulative 
GaAs substrate 21 by an epitaxial growth method, 
and n + ion implantation regions 28 and 29 which 
extend from a surface to a top of the buffer layer 5 

22 are formed in a source region and a drain 
region. A gate electrode 25 which makes a Schott- 
key contact with the cap layer 24 is formed in a 
region on the cap layer 24 which is sandwiched by 

the source region and the drain region, and a io 
source electrode 26 and a drain electrode 27 which 
make ohmic contacts with the cap layer 24, re- 
spectively, are formed in the source region and the 
drain region. A gate length is 0.5 um. An example 
of the thickness is that the buffer layer 22 is 10,000 75 
Angstrom, the pulse doped layer 23 is 100 Ang- 
strom, and the cap layer 24 is 300 Angstrom. An 
impurity concentration of the pulse doped layer 23 
is 4.0 X 10^^ cm-^. An organic metal vapor phase 
epitaxial growth (OMVPE) method is used as an 20 
epitaxial growth method. Specifically, a Cr-doped 
GaAs substrate is used and the vapor phase 
growth is carried out by introducing TMQ (trimethyl 
gallium) and AsHa as source gas and SiHe as 
dopant at a pressure of 60 Torr and a temperature 25 
of 650 'C. A source gas introduction V/lll ratio is 6 
for the buffer layer 22, 40 for the pulse doped layer 

23 and 100 for the cap layer 24. The MESFEPs 1 
and 2 of the pulse doped structure have different 
gate widths. The gate width of the FET 1 is ap- 30 
proximately 300 urn and the gate width of the FET 

2 is approximately 50 - 100 um. 

An input terminal 6 of the RF (radio frequency) 
signal is connected to the gate of the MESFET 2 of 
the pulse doped structure through a matching cir- 35 
cuit 5 for matching an input impedance. The drain 
of the FET 2 is connected to the gate of the FET 1 
through a coupling capacitor 4 which couples AC 
circuits having different DC levels. Thus, an AC 
component of the signal outputted from the drain of 4o 
the FET 2 is applied to the gate of the FET 1 . An 
input terminal 8 of the local oscillation (LO) signal 
is connected to the gate of the FET 1 through a 
filter 7. As a result, the RF signal applied to the 
FET 1 through the FET 2 is combined with the LO 45 
signal and converted to a lower frequency (an 
intermediate frequency (IF)) signal. 

An output terminal 12 is connected to the drain 
of the FET 1 through a low pass filter 11 which 
passes only the intermediate frequency (IF) signal so 
which is the output signal. As a result, the IF signal 
which is a mixed-down signal of the RF signal is 
outputted from the output terminal 12. The filter 7 
serves to prevent the IF signal generated by the 
mixer circuit from leaking to the local oscillation 65 
circuit connected to the temninal 8. The terminals 9 
and 10 are input terminals for applying DC gate 
bias voltages to the FET 1 and the FET 2, respec- 
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tively. 

An output terminal of a first biasing circuit 13 
which supplies a gate bias voltage around a pinch- 
off voltage to the gate electrode of the FET 1 is 
connected to the terminal 9. An output terminal of a 
second biasing circuit 14 which supplies a gate 
bias voltage to the gate electrode of the FET 2 and 
whose mutual conductance gm does not change 
with the gate voltage is connected to the terminal 
10. 

The significance of the magnitudes of the bias 
voltages supplied by the first and second biasing 
circuits 13 and 14 is explained below. 

The mixer circuit of the present embodiment 
converts the frequency by utilizing the non-linearity 
of the mutual conductance as the prior art FET 
mixer circuit does. Accordingly, it is necessary for 
the FET 1 which carries out the mixing to operate 
at a gate biasing point which assures that the 
mutual conductance gm is non-linear to the gate 
voltage Vg, On the other hand, it is necessary for 
the FET 2 for which the stable input impedance is 
required to operate at a gate biasing point which 
assures that the mutual conductance g^ is constant 
with respect to the gate voltage Vg. 

Fig. 3 shows a gate voltage Vg Vs mutual 
conductance g^ characteristic of the GaAs MES- 
FET's 1 and 2 of the pulse doped structure. Four 
points shown by numerals 32 - 35 may be can- 
didates for the gate biasing point which assures the 
non-linear mutual conductance gm to the gate volt- 
age Vg. Namely, a large conversion efficiency may 
be attained around those points. On the other hand, 
a fiat region 31 is a candidate for the gate biasing 
point which assures that the input impedance does 
not significantly change with respect to the swing 
of the gate voltage. The flat region 31 in which the 
mutual conductance g^ does not change with the 
gate voltage Vg is a characteristic which is inherent 
to the MESFET of the pulse doped stnjcture and 
not found in the prior art device. The non-change 
of the mutual conductance gm means a small 
change in the input capacitance or the gate-source 
capacitance Cgs, and the input impedance of the 
FET greatly depends on the gate-source capaci- 
tance Cgs-Accordingly, so long as the gate voltage 
Vg changes in the flat region 31 , there is no signifi- 
cant change in the input impedance. The input 
impedance is generally expressed by the following 
formula, which indicates the great dependency of 
the input impedance to the gate-source capaci- 
tance Cgs. 

Zin = Rg + Cgs + Rin + Rs 

where Rg is a gate resistance, Rin is a channel 
resistance, and Rj is a source resistance. 
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From the above consideration, the gate biasing 
point for the FET 1 is to be set around one of the 
four points 32 - 35, and it is preferable to set the 
gate biasing point around the point 32, that is, 
around the pinch-off point is order to minimize the 
power consumption. For the FET 2, it is preferable 
to set the gate biasing point in the flat region 31 in 
which the input impedance is stable with respect to 
the change in the gate voltage. It is also preferable 
to minimize the power consumption of the FET 2 
like the FET 1. In consideration of the above, it is 
desirable to set the gate biasing point around the 
point 33 which is the lowest gate voltage point in 
the flat region 31. 

In the mixer circuit of the present embodiment, 
the tandem connection of the first GaAs MESFET 
of the pulse doped structure and the second GaAs 
MESFET of the pulse doped structure having a 
shorter gate width than that of the first FET is used 
as the active device, the gate biasing point of the 
first FET is set around the pinch-off point of the 
mutual conductance, and the gate biasing point of 
the second FET is set in the region in which the 
mutual conductance does not change with the in- 
crease of the gate voltage. Accordingly, the isola- 
tion characteristic between the RF signal and the 
local oscillation signal is good, the input impedance 
does not substantially change and the power con- 
sumption is low. 

From the invention thus described, it will be 
obvious that the invention may be varied in many 
ways. Such variations are not to be regarded as a 
departure from the spirit and scope of the inven- 
tion, and all such modifications as would be ob- 
vious to one skilled in the art are intended to be 
included within the scope of the following claims. 

Claims 

1. A mixer circuit using FET's as an active device 
wherein: 

said active device comprises first and sec- 
ond FEPs (1 , 2), 

a gate electrode of said second FET (2) is 
connected to an RF signal input terminal (6), 

a gate electrode of said first FET (1) is 
connected to a local oscillation signal input 
terminal (8) and a drain of said second FET 
(2). 

a drain of said first FET (1) is connected to 
an IF signal output terminal (12), and 

said first and second FET's (1, 2) are 
MESFEPs of pulse doped structure. 

2. A mixer circuit according to Claim 1 

wherein said first and second FET's (1, 2) 
are GaAs MESFET of pulse doped structure. 



3. A mixer circuit according to Claim 1 or 2 
comprising: 

first biasing means (13) for supplying a 
gate biasing voltage around a pinch-off voltage 
5 to the gate of said first FET (1); and 

second biasing means (14) for supplying a 
gate biasing voltage assuring non-change of a 
mutual conductance with respect to a change 
in a gate voltage. 

10 

4. A mixer circuit according to any of Claims 1 to 
3 

wherein a gate width of said second FET 
(2) is shorter than that of said first FET (1). 

15 

5. A mixer circuit according to any of Claims 1 to 
4 

wherein an impedance matching circuit (5) 
is provided between the gate electrode of said 
20 second FET (2) and the RF signal input termi- 

nal (6). 

6. A mixer circuit according to any of Claims 1 to 
5 

25 wherein a coupling capacitor (4) is pro- 

vided between the drain electrode of said sec- 
ond FET (2) and the gate electrode of said first 
FET (1). 

30 7. A mixer circuit according to any of Claims 1 to 
6 

wherein a low pass filter (11) is provided 
between the drain electrode of said first FET 
(1) and the IF signal output terminal (12). 

35 

8. A mixer circuit according to any of Claims 1 to 
7 

wherein a filter (7) is provided between the 
gate electrode of said first FET (1) and the 
40 local oscillation signal Input terminal (8) to pre- 

vent the IF signal mixed down by the mixer 
circuit from leaking to the local oscillation sig- 
nal input terminal (8). 

45 
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